We study the relationship between the gas column density (Σ gas ) and the star formation rate surface density (Σ SFR ) for a sample of 23 extremely faint dwarf irregular galaxies drawn from the Faint Irregular Galaxy GMRT Survey (FIGGS). Our sample galaxies have a median HI mass of 2.8 × 10
INTRODUCTION
Understanding the physical processes that govern the conversion of interstellar gas into stars is crucial for a host of fundamental problems: galactic structure, the nature of the Hubble sequence, galaxy formation and evolution, and chemical evolution of the ISM. Since these processes, viz. how baryons accrete into dark matter halos, as well as subsequent star formation and feedback from star for-mation are complex and poorly understood, empirical relations between the gas column density (Σgas) and the star formation rate (ΣSFR) surface density play an important role in semi-analytical models and simulations (e.g. Springel et al. 2005) . These empirical relations, or star formation "recipes" are generally derived from observations of large spiral galaxies. On the other hand, since in hierarchical models of galaxy formation, small objects form first, and merge together later to form large galaxies, the star formation laws governing small, gas rich, galaxies are of particular interest. Gas in the smallest galaxies does not settle into a thin, dynamically cold disk, and the shallow potential wells of these galaxies would make their ISM more susceptible to disruption due to energy input from star formation. As such, it seems probable that star formation in the smallest galaxies proceeds in a manner that is different from that in large spirals. To the extent that the nearby extremely faint dwarf irregular galaxies could be regarded as proxies for galaxies in the early universe, it is interesting to look for correlations, if any, between the gas density and the star formation rate in them. In this paper we use HI data from the GMRT based FIGGS survey (Begum et al. 2008 ) and publicly available GALEX data to look for star formation recipes in a sample of extremely faint dwarf irregular galaxies. For ease of comparison with the existing large body of work on star formation recipes for galaxies, we examine in detail two particular recipes, (1) the existence of a threshold column density below which star formation is quenched and (2) a power law relation between the gas column density and the star formation rate density above this threshold.
It is has long been suggested that there is a threshold column density below which star formation is quenched (Toomre 1964; Spitzer 1968; Quirk 1972) . Cold gas in a thin rotating disk is unstable to gravitationally collapse above a critical column density (Safronov 1960; Toomre 1964) . In large spiral galaxies therefore, such a threshold might be related to global disk instabilities. Sharp thresholds to the Hα emission have indeed been observed in normal spirals (Kennicutt 1989; Martin & Kennicutt 2001) , leading credence to the idea that a threshold for star formation does in fact exist. Our sample galaxies are unlikely to have thin, dynamically cold disks, since for dwarfs in this luminosity range the gas velocity dispersion is typically comparable in magnitude to the rotation velocity (Young et al. 2003; Begum & Chengalur 2003 Begum et al. 2006) . A threshold for star formation in dwarf galaxies may still exist as a consequence of a critical amount of dust shielding required for molecular gas to form (Skillman 1987) .
The suggestion that there is a power law relation between ΣSFR and Σgas has a similarly long history. Schmidt (1959) related the volume densities of young stars and gas in the Galactic disk,viz. ρSFR = a ρ n gas (the "Schmidt law"). A more convenient parametrization for external galaxies is in terms of the surface densities, viz. ΣSFR = A Σ N gas . There have been several measurements of the power law index N, derived from observations of various samples and using various tracers of the star formation and the gas density. Kennicutt (Kennicutt 1997) compiled a summary of the distribution of derived values of N, which had a broad peak between N = 0.8 and N = 2.5, and a full range of N = ±3.5. He concluded that the large dispersion could be only be partly attributed to observational factors, such as beam smearing effects or fitting to only the atomic or molecular gas densities. Much of the scatter is real, being caused by such factors as deviations from a power law or spatial variations in N across a galaxy. Kennicutt (Kennicutt 1989 (Kennicutt , 1998 ) also investigated the possibility of a composite Schmidt law, using data ranging from normal spiral galaxies (star formation traced using Hα, gas density traced using both HI and CO observations) to circumnuclear starburst galaxies (star formation traced using Far Infrared, gas density traced using CO observations, HI gas being negligible), and arrived at the widely used (for eg. Springel 2000; Nagamine, Springel & Hernquist 2004; Krumholz & Thompson 2007, etc .) "Kennicutt-Schmidt" law:
We use this as a template to compare with the relations that we find in our sample of extremely faint dwarfs. As mentioned above, one point of departure from earlier studies is the fact that our sample is composed of extremely faint dwarfs. Another is the spatial resolution that we use. Most classical studies of star formation used either globally averaged surface densities or azimuthally averaged radial profiles. This may be relevant in situations where, for e.g. global processes like large scale disk instabilities play a role in controlling star formation. For dwarf galaxies on the other hand, the low gas densities result in inefficient cloud formation as compared to inner part of spirals (Dong, Lin & Murray 2003; Li, Mordecai-Mark & Klessen 2005) . Local processes are expected to dominate in dwarf galaxies (Elmegreen & Hunter 2006) , and star formation is observed in HI clouds or complexes where the average gas density is much below the Toomre critical density (eg. de Blok & Walter 2006) . We hence study the small scale (i.e. ∼400 pc and ∼ 200 pc) relation between the gas and star formation rate in our sample galaxies by doing "pixel by pixel" correlations, in addition to looking at the correlation between globally averaged quantities. We also depart from many earlier studies in that we use only HI data to determine the gas column density, i.e. the contribution of the molecular gas is ignored. CO is notoriously difficult to detect in dwarf galaxies (eg. Taylor, Kobulnicky, & Skillman 1998) , and the CO to H2 conversion factor in dwarf galaxies may be substantially different from that in our own galaxy (eg. Madden et al. 1997; Israel 1997) . Further the calibration we use to convert the GALEX UV flux into a star formation rate assumes a standard Salpeter IMF with solar metallicity. We discuss the implications of these assumptions for our results in Sec. 4.
SAMPLE AND DATA ANALYSIS
Our sample consists of 23 galaxies drawn from the FIGGS HI 21cm survey (Begum et al. 2008) , for which there is publicly available GALEX data. The galaxies are listed in Table 1 ; the columns in the table are: Column(1) the galaxy name, Columns(2)&(3) the equatorial coordinates (J2000), Column (4) the absolute blue magnitude (corrected for galactic extinction), Column(5) the distance in Mpc, Column(6) the group membership of the galaxy. All of this data has been taken from Begum et al. (2008) . Column(7) the de Vaucouleurs (25 mag/arcsec 2 ) diameter of the optical disk. For dwarf low surface brightness galaxies from the KK lists (KK14, KK65, KK144, KKH98), the diameters correspond to the Holmberg system ( 26.5 mag arcsec −2 ). Column(8) the optical axis ratio. Data for column (7) and (8) have been taken from taken from Karachentsev et al. (2004) . Column(9) the assumed inclination angle. The data is from Begum et al. (2008) , except for the starred galaxies, for which the inclination angle is measured from the coarsest resolution HI maps. 
HI data
The analysis of the HI data is described in detail in Begum et al. (2008) . For computing the spatially resolved star formation law, it is important that all galaxies be imaged at the same linear resolution. We hence re imaged the calibrated FIGGS HI visibility data to make CLEANed data cubes at a linear resolution as near 400 pc as possible using the task IMAGR in classic AIPS. Maps of the total integrated flux ("Moment 0" maps) were made from the data cubes using the task MOMNT. The cut offs used in the MOMNT task was ∼ 2σ, where σ is the rms level in a single channel. The images were re-gridded to have a pixel size identical to that of the GALEX UV images using the task HGEOM. For pixel to pixel comparison, the flux values were averaged over n × n pixel sized boxes, where n is an integer chosen (independently for each galaxy), such that four such boxes approximately cover a circular area of diameter ∼400 pc.Each such box is the "pixel" we refer to when we say pixel by pixel analysis. For each such "pixel" the flux was converted to column density values for HI along the line of sight, in units of M⊙ pc −2 , assuming that the emission is optically thin; the face on column density was computed after correcting for the inclination angle using the values given in Table 1 .
UV data
FUV and NUV images for our sample galaxies are publicly available on the GALEX site. We present analysis based on the FUV band (1350-1750Å) only, since a portion of the NUV band (1750-2800Å) lies outside the range where the calibration for conversion between the UV flux and the star formation rate, i.e. eqn no. (4) below is valid. The results presented in Section 3 below are however not much affected by whether one uses the FUV or NUV data. First the geometry (orientation, pixel size and number of pixels) of the FUV maps were made identical to that of the HI maps using the task HGEOM in AIPS, the images were then smoothed to the same resolution as the HI images (i.e. linear resolution of ∼400 pc). The HI contours overlayed on the FUV grey scales are shown in Figure 1 . Then the FUV maps, which are background subtracted FUV images (with units of counts per second) were converted into luminosity units using the calibration information provided at the GALEX site as given below, and then corrected for galactic extinction (using Schlegel, Finkbeiner & Davis (1998)'s galactic extinction values in the direction of the particular galaxy, and using formulae given by Cardelli, Clayton & Mathis (1989) to extrapolate to the FUV band). No correction for internal extinction was made, since our sample galaxies are expected to be extremely dust poor. The validity and implications of this particular assumption are discussed in detail in Sec 4. mGALEX = −2.5 log(cps) (2) mAB = mGALEX + 18.82
The luminosity values thus obtained were converted to surface density of star formation, in units of M⊙ yr −1 kpc −2 using the calibration given in Kennicutt (1998a) :
which is valid for the wavelength range viz. 1250-2500Å (see, Kennicutt 1998a). The assumptions that go into deriving the above calibration are that the stars have solar metallicity and Salpeter IMF, and that the galaxy has had continuous star formation over time scales of 10 8 years or longer. The calibration is also sensitive to extinction by dust. From the well known luminosity-metallicity relationship (for eg. Pilyugin 2001; Lee et al. 2006) , one would expect that the typical metallicity in our sample galaxies is substantially less than solar. We do not know the detailed star formation history for many of our sample galaxies, nor do we have information on what their IMF may be. We discuss these issues in some more detail in Section 4, but this uncertainty in the application of this calibration to our sample galaxies should be borne in mind.
As discussed above, a uniform optical diameter is not available for all the galaxies in our sample. For those galaxies for which the Holmberg diameter is available, the average UV flux at this diameter corresponds to a star formation rate of ∼ 1.85×10
The globally averaged star formation rate for all galaxies was hence computed to be the average star formation rate inside the region where the SFR falls to 1.85×10 −4 M⊙ yr
kpc −2 (where the average SFR was calculated along ellipses in the smoothed FUV image having ellipticity b/a as given in Table 1 ). Both Σgas and ΣSFR were averaged over identical regions for each galaxy. Table 2 summarizes the parameters derived during the analysis. The columns are as follows: (1) the galaxy name, (2) the synthesized beam sizes of the HI maps (which are also the smoothed resolution of the FUV images) in arcseconds, (3) the synthesised beam sizes in parsecs, (4) the rms noise per channel of the cleaned HI data cubes, (5) the major axis in arcseconds of the ellipse, defining the "star forming region", as described above.
For 10 galaxies in the sample, it was possible to make maps at a linear resolution of ∼200 pc, and so a pixel by pixel comparison of FUV and HI data was carried out for these galaxies at this higher resolution. All other processing was done in a manner analogous to the procedure discussed above. The relevant details are listed in 3, whose columns are as follows: (1) the galaxy name, (2) the synthesized beam sizes for the HI maps (which are also the smoothed resolution of the FUV images) in arcseconds, (3) the synthesised beam sizes in parsecs, (4) the rms noise per channel of the cleaned HI data cubes. The HI contours overlayed on the FUV grey scales are shown in Figure 2 . Figure 3 shows the relationship between the disk-averaged SFR and HI gas surface density for the galaxies in our sample, along with those from Kennicutt (1998) . The scatter in the disk-averaged data from the galaxies in our sample is too large, and the range of star formation rates and gas densities covered is too small, to provide any meaningful constraints on the power law slope. The fit shown in Figure 3 is instead taken from Kennicutt (1998). The shaded area covers various estimates of the "threshold density" as tabulated in Kennicutt (1989) ; Martin & Kennicutt (2001) . As can be seen our sample galaxies (1) have gas densities that are generally around or below the expected "threshold density" and (2) have star formation rates below that predicted by the Kennicutt (1998) relation. These two facts are probably not independent. Two galaxies, viz. E321-014 and UGC 6541 lie significantly above the Kennicutt (1998) relation inspite of being sufficiently below the threshold gas density region, and we discuss them in more detail below. The solid line in Fig. 4 shows the Kennicutt (1998) fit to the data for spiral galaxies alone. As can be seen, the dwarf galaxy data is in reasonable agreement with this fit. As such, it appears that dwarf and spiral galaxies have a steeper dependence of SFR on the gas density than predicted by the Kennicutt-Schmidt law.
RESULTS

Global Averaged Quantities
Small scale relations
The "pixel by pixel" (see Section 2.1 for the definition of a pixel) comparison of Σgas and ΣSFR for individual galaxies at 400 pc resolution are shown in Figure A1 . Plots for the representative galaxies UGC 4459 and E321-014, along with the combined scatter plot for all the galaxies in the sample are shown in Figure 5 . The left panel for each galaxy shows the scatter plot, each point denoting a pixel. The right panel shows the binned data (0.05 dex sized bins were used along the x-axis), with the scatter (1σ) in each bin denoted by errorbars. The dotted line is the "Kennicutt-Schmidt" law (Kennicutt (1998); eqn. 1 above), with the bold solid portion of the line lying above the lowest estimated of the threshold density listed in (Kennicutt 1989). For most galaxies, the scatter plot has Kennicutt (1998) , with triangles for data from normal spiral galaxies,and open squares for data from circumnuclear starburst galaxies. The solid line is the best fit power law relation from Kennicutt (1998) (i.e. eqn. 1 above). The cross sign represents the data from UGC 6541, the plus sign represents the data from E321-014. These are the only two galaxies in our sample which lie above the Kennicutt (1998) relation inspite of having gas surface densities much less than the expected "threshold density" values. The shaded region covers various estimates of the "threshold density" tabulated in Kennicutt (1989). a flat portion at low Σgas where the ΣSFR density is constant, followed by an approximately power-law increase in ΣSFR with Σgas. The horizontal dotted line in each panel corresponds to be sensitivity level of the GALEX images; as can be seen the flat portion of the scatter plot basically corresponds to the region where ΣSFR falls below the level that can be measured from the current data. A straight line was fitted to the binned data iteratively, considering only those points which lie above the FUV sensitivity limit and above the surface gas density value where the straight line meets the FUV sensitivity limit line, starting with an initial guess. For some "deviant" galaxies (viz. E321-014, UGC 6541, UGC 5209, KK 14 and DDO 43) this procedure did not converge. For these galaxies the HI and FUV peaks can be seen in Figure 1 to be offset, making it natural that the scatter plot shows deviations from a simple power law relation. It is worth noting that the galaxy with the smallest HI mass (see Table 4 ), viz. E321-014 is the most deviant, with the FUV emission being considerably offset from the HI emission. This galaxy (along with UGC 6541) were also outliers in the global relation (Fig. 3) . Another interesting feature seen in Figure A1 is that while the observed ΣSFR generally lies below that predicted by the fiducial Kennicutt (1998) relation, at high gas column densities, the observed ΣSFR begins to approach the predicted rate. The fact that ΣSFR is generally lower than that predicted by the Kennicutt (1998) relation was also seen earlier for the global averaged values (Figure 3) .
Quantitative results from the pixel by pixel correlation are listed in Tables 4. The columns are: (1) Galaxy name, (2) the derived HI mass taken from Begum et al. (2008), (3) sensitivity limit of FUV data (i.e. the RMS noise in the background emission), (4) the best fit power law index, (5) coefficient of the power law Scatter plot of the disk-averaged SFR per unit area and gas surface density, for dwarf and spiral galaxies only. The solid line is the best fit power law relation for spiral galaxies (from Kennicutt (1998), with a slope of 2.47). The dashed line represents the "Kennicutt-Schmidt" law, i.e. eqn. 1 above. All other symbols are identical to those in Figure 3 . fit, (6) the range of bins along the gas surface density axis over which the straight line representing the power law part was fitted.
As can be seen from the table, the parameters of the power law fit vary substantially from galaxy to galaxy. Nonetheless, for all galaxies the star formation appears to continue smoothly until one reaches the sensitivity limit of the observations, i.e. there does not seem to be any evidence for a "threshold density" below which the star formation is completely quenched. Figure 6 illustrates this point. Panel (a) shows simulated data in which ΣSFR is related to the Σgas by a power law with index 2 and coefficient −4. These values have been chosen to be similar to the observed power law indices and coefficients. In panel (b) noise is added, as seen in the real data, this leads to a flattening of the scatter plot for ΣSFR that are below the sensitivity threshold. The horizontal line shows the 1σ noise level. In addition, the power law coefficient is allowed to vary by 50% from pixel to pixel. As can be seen the scatter in the plot increases towards high column densities, unlike that seen in the real data. In panel (c) noise is added to the data as before, but the power law index is held constant at the value of 2. The coefficient of the power law is however allowed to vary by 50%. This results in a better match to the real data than varying the index of the power law. Panel (d) shows the same data as in panel (c) after binning; the bins are of the same size as was used for actual data. A linear relation to the fit data was done using the same procedure as was followed for the real data, the fit parameters were a coefficient of −4.03 ± 0.7 and a power law index of 1.9 ± 0.1, i.e. the input values to the simulation were recovered.
The combined data for all galaxies (at 400 pc resolution),is shown in Figure 5 . As for the individual galaxies, the plot shows a relatively flat portion at low ΣHI and a power law like behavior at high ΣHI. The flat portion has log(ΣSFR)= −5.09 (for ΣHI varying between -1.47 and 0.05), and the slope at the high ΣHI end (ΣHI varying between 0.05 and 1.31) is 1.81. The vertical arrows in Fig. 5 show the range over which the fits have been made. A few points at both extremes have been omitted from the fit, because each set arises from a single galaxy (viz. NGC 3741 at the low ΣHI Figure 5. The pixel by pixel comparison of gas density and SFR at 400 pc resolution. The first two rows are the plots for representative galaxies UGC 4459 (non-deviant) and E321-014 (deviant) taken from Figure A1 . The last row is the combined plot for data points taken from all galaxies. The vertical lines in this plot mark the ranges over which the flat (for low Σgas ) portion and the power-law (for high Σgas ) portion have been fitted. See Section 3.2 and Appendix A.
end and UGC 685 at the high ΣHI end). Since the UV images of the different galaxies have different sensitivity levels, the sloping part of the plot contains data from both the flat and sloping parts of the individual galaxy scatter plots. As such, the average slope may not physically meaningful. However, if the galaxies for which there are offsets between the HI and the UV peaks, and the flat portions of the individual scatter plots are excluded from the fit, the average slope does not change significantly. As such the above fit can be treated as representative (in average sense) of the entire sample.
The linear resolution, viz. 400 pc that we have been working at is still large compared to the scales on which one might expect star formation to occur and the effects of feedback from star formation to be dominant. As mentioned in Section 2, for 10 galaxies in the sample, it was possible to make maps at a linear resolution of ∼200 pc (Figure 2) . The scatter plot of the SFR vs. the gas column density for these galaxies is shown in Figure A2 . Where possible, a power law fit was made to the binned data in the same manner as for the 400 pc resolution data. The parameters from this fit are given in Table 5 , the columns are the same as those in Table 4 , except that the values correspond to those measured at a 200 pc resolution. For 3 of the ten galaxies (viz. DDO99, DDO181 and KKH98) a power law relation could be found at a 400 pc resolution, but not at 200 pc. In two of these cases (viz DDO99 and DDO181) this is because offsets between the HI and UV peaks which were not prominent at the 400 pc resolution become so at the 200 pc resolution. For the third galaxy (KKH98) at high resolution there are too few points to make a good fit. For two more galaxies (viz. UGC6451 and E321-04) no power law fit could be made either at 400 pc or 200 pc resolution and a comparison of Figures (1) and (2) shows that the offsets between the HI and UV seen in the 400 pc resolution images have become more pronounced at 200 pc resolution. For the remaining 5 galaxies meaningful power law fits are possible for both resolutions, and for 4 of these 5 (i.e. except DDO183) the fit slope is shallower and the power law coefficient is larger at 200 pc resolution than at 400 pc. In the case of DDO183, a small offset between the UV and HI images can be seen at 200 pc resolution while the two are quite well aligned at the 400 pc resolution. Similarly for UGC8833, even though a power law fit could be obtained for the 200 pc resolution data, a comparison of the overlay images show that what at 400 pc resolution appeared to be coincident HI and FUV emission, actually appears offset at 200 pc resolution. For all the galaxies for which a meaningful power law fit can be made, the observed SFR is lower than that predicted by the Kennicutt (1998) relation, although again the difference in general diminishes with increasing gas column density.
DISCUSSION
To summarize our results, we find in the preceding section that (1) the globally averaged gas density in our sample galaxies lies below most estimates of the star formation rate, and the observed ΣSFR is also lower than that estimated from the Kennicutt (1998) relation. (2) The data is better fit by the steeper slope found for the spirals only sample by Kennicutt (1998 . Simulated "pixel by pixel" correlation for a power law relation between the star formation rate density and the gas density. Panel [a] shows the correlation in the absence of noise, while in panel [b] noise has been added. The noise level (1σ) is indicated by the horizontal line. As can be seen the scatter plot is flat at SFR levels below the sensitivity threshold.In addition, the power law coefficient is allowed to vary by 50% from pixel to pixel. Unlike what is observed for the real data (Fig. A1,A2 ) the scatter increases towards high column densities. In panel (c) noise is added to the data as before, but instead of varying the power law index the coefficient of the power law is however allowed to vary by 50%. This results in a better match to the real data. Panel (d) shows the same data as in panel (c) after binning. The fit line recovers the input values to the simulation. See the text for more details. galaxies ΣSFR can be parametrized to have a power law dependence on Σgas when both parameters are measured on 400 pc scales, however the coefficient and index of the power law varies substantially from galaxy to galaxy,(4) the index of the power law is in general steeper than the value of 1.4 for the Kennicutt (1998) relation. The observed SFR rate is in general lower than that predicted by this relation, with the discrepancy decreasing at the highest gas column densities. (5) At 400 pc resolution the SFR continues to fall smoothly until one reaches the sensitivity limit of our observations, and there is no evidence for a "threshold density" below which star formation is completely cut off, (6) at 200 pc resolution, offsets between the sites of current star formation and the locations where the gas density peaks become more pronounced, and the SFR can be parametrized as having a power law dependence on the gas density for only 5/10 galaxies, and (7) for the majority of these galaxies (4/5) the power law index measured at 200 pc is flatter than that measured at 400 pc.
All these results are based on the gas density as measured from HI data, without correction for the presence of molecular gas (or He), and the star formation rate as estimated from the GALEX UV flux. CO observations are not available for our sample; however, it is known that dwarf galaxies in general have very little CO emission (eg: Taylor, Kobulnicky, & Skillman 1998) , and that for the usual CO to H2 conversion ratio their ISM is dominated by atomic gas. Given the low ISM metallicity however, it is possible that the standard CO to H2 conversion ratio substantially underestimates the molecular gas in dwarf galaxies (eg: Madden et al. 1997; Israel 1997) , in which case the gas density may change substantially if the molecular gas contribution is considered. It is also likely that the molecular gas fraction increases non linearly with the HI gas column density. As such, it is difficult to make a quantitative prediction of the effect of the adding the contribution of the molecular gas to the total gas density. Qualitatively however, it is clear that if the gas density is higher than what we estimate, then the discrepancy between the observed ΣSFR and that predicted by the Kennicutt (1998) relation increases (i.e. in Figures 3,4 ,A1,A2 increasing Σgas would move the points to the right, increasing the displacement from the Kennicutt (1998) relation). An interesting comparison sample in this context is that of (Lisenfeld et al. 2002) who measured ΣSFR and Σgas in a sample of tidal dwarfs. The Σgas measurements included the contribution of molecular gas, with 8 galaxies having detected molecular gas and 3 galaxies having upper limits on the molecular gas content. The molecular gas fraction was computed using the measured metallicity values. The globally averaged star formation rate that Lisenfeld et al. (2002) compute (from Hα observations) shows a similar trend to that seen in Fig. 3 , i.e. that most of the galaxies have ΣSFR lower than predicted by the Kennicutt-Schmidt relation.
As mentioned in Section 2.2 estimating the SFR from the FUV flux is based on several assumptions, viz. (i) the stars have solar metallicity and Salpeter IMF, (ii) the galaxy has had continuous star formation over time scales of 10 8 years or longer, and (iii) internal and external dust attenuation has been correctly accounted for. For dwarf galaxies as faint as those in our sample, the metallicity is likely to be much lower than solar (eg. Lee et al. 2006) . Lowering the metallicity will lead to a larger UV flux per unit mass of star formation, i.e. our adopted ΣSFR will be an overestimate of the true ΣSFR. Making a quantitative estimate of the magnitude of this underestimate is beyond the scope of this paper, however, we note that the sense is such that it would lead to a further discrepancy between our adopted ΣSFR and that predicted by the (Kennicutt 1998) relation. Conversely, truncating the IMF at the high mass end would reduce the UV flux per unit mass of star formation, and hence bring the our observations closer to the (Kennicutt 1998) relation. Similarly, if the star formation is dominated by a recent star burst, then the UV flux would be at its peak, and our adopted ΣSFR would be an over estimate; on the other hand, if the galaxy has not undergone star formation for some time, our adopted calibration would under estimate the ΣSFR. Although the detailed star formation history is not available for our sample galaxies, Lee et al. (2008) shows that for dwarfs (somewhat more massive than our own) the bulk of the star formation does not occur via bursts. The adopted calibration is also subject to uncertainties in the correction for dust extinction. We have assumed that no correction for internal extinction is necessary. It should be noted that (1) IR fluxes are available for only 7 galaxies in our sample (Lisenfeld et al. 2007; Walter et al. 2007; Wu et al. 2006; Engelbracht et al. 2005; Vaduvescu et al. 2005) and (2) Walter et al. (2007) have shown that dwarf galaxies have low but non-zero dust content. Internal dust extinction can in principle be estimated from comparing the IR and UV fluxes (Panuzzo et al. 2003; Buat & Xu 1996, etc.) , or the FUV to NUV color (Boissier et al. 2007; Gil de Paz et al. 2007; Cortese et al. 2006; Seibert et al. 2005, etc.) . Infrared fluxes are not available for all our sample galaxies, but NUV data is available for 22 galaxies in our sample (i.e. except for And IV), and Figure 7 shows the disk averaged FUV-NUV colors as a function of the HI mass in the optical disk. Star-forming galaxies with low extinction are expected to have FUV-NUV color close to zero; . Disk averaged FUV-NUV color of 22 galaxies in our sample, plotted against the mass of HI gas contained within their optical disks.
our sample galaxies however typically have redder colors, with an average FUV-NUV color of 0.34. Redder colors could also be the result of a fading star burst, or a truncated IMF (Boselli et al. 2006; Cortese, Gavazzi & Boselli 2008 ). These issues have been explored in depth by Boissier et al. (2008) who found similarly red UV colours for their sample of low surface brightness galaxies. Boissier et al. (2008) model the variation of FUV-NUV color with time for different upper cut-offs of mass for the IMF and different metallicities. From their results it appears that either the IMF has to be truncated, or the colors have to be dominated by a fading starburst to reproduce the observed colors, both of which would bring our results closer to the Kennicutt-Schmidt relation. For example, FUV-NUV color of 0.34 would be observed in a galaxy which (1) has a Kroupa IMF (Kroupa, Tout & Gilmore 1993) with metallicity = Z⊙/20, an age of 6.8×10 8 years, and star formation was quenched after 10 8 years or (2) has a Kroupa IMF truncated at 5M⊙ at the highend, solar metallicity, has been forming stars for 4.3×10 8 years continuously or (3) has an age of 2.4×10 8 years and star formation was quenched after 10 8 years or (4) Has Kroupa IMF, solar metallicity, an age of 2.4×10 8 years and star formation was quenched after 10 8 years. For galaxies in our sample, FUV-NUV colours range from ∼0.03 to ∼0.8, and hence the range of possible models is correspondingly larger. While we don't explore this issue further, it should be noted that alternate IMFs or star formation histories could lead to revision in the interpretation of our data.
While there have not been systematic earlier studies of star formation recipes for similarly faint galaxies, it is interesting to compare our results with what is already known for brighter dwarfs or large spiral galaxies. Empirical studies of star formation thresholds have generally used the Hα luminosity as a tracer of the current star formation rate. The Hα luminosity is sensitive largely to stars with masses > 10 M⊙ and lifetimes < 20 Myr; one hence gets a measure of the instantaneous star formation. A study of spatially resolved star formation laws for regions of size ∼ 500 pc in the spiral galaxy M51a (Kennicutt et al. 2007) which uses both Hα and Infrared fluxes to estimate star formation, show very similar results to what we obtain here. There is no evidence of any obvious star formation threshold. Interestingly the relation between SFR surface density and HI gas surface density is quite steep, but the power law index comes down to 1.56±0.04 after taking molecular gas into account. Thilker et al. (2007) did a multi-wavelength study of the spiral galaxy NGC 7331. Along with looking for an azimuthally averaged Schmidt's law, they also show pixel by pixel correlations between Σgas and ΣSFR at different resolutions (400 pc and 1 kpc). Their ΣSFR vs. ΣHI plot looks strikingly similar to that for our galaxies, with a flat lower portion changing to a steep power law portion, which only reaches the Kennicutt-Schmidt law level at higher column densities. However, unlike the galaxies in our sample, NGC 7331 has a number of pixels lying above the level at which the Kennicutt-Schmidt relation holds. Even after adding molecular gas to Σgas the plot remains qualitatively unchanged, except, as expected, the power law portion becomes less steep and ΣSFR for a large number of pixels fall below the KennicuttSchmidt law level. This is similar to what we expect to find on taking molecular gas into account for our sample. In another recent study, Boissier et al. (Boissier et al. 2007 ) look for evidence for a threshold density for star formation using GALEX UV fluxes as a measure of the star formation rate. Similarly to the results presented here, they also do not find any evidence for a threshold below which star formation is completely quenched. Finally, Wyder et al. (2009) in a paper published after our manuscript was submitted, find results similar to ours when comparing the global ΣSFR to Σgas for a sample of LSB galaxies.
A similar pixel by pixel correlation study (at 220 pc linear resolution) was done for the Magellanic clouds by Kennicutt et al. (1995) . The star formation rate in that case was traced by Hα emission. The (ΣSFR,Σgas) scatter plot in Kennicutt et al. (1995) is qualitatively similar to those in the current paper; the power law indices that they find are 1.75 ± 0.3 for the LMC and 1.95 ± 0.3 for the SMC. In a recent paper, Bigiel et al. (2008) study the relation between the star formation rate density and the gas column density in a sample of 18 nearby galaxies at ∼ 750 pc resolution using data from the THINGS survey. Their sample covers a range of galaxy types, including dwarfs, but they do not present pixel by pixel correlations for galaxies fainter than the FIGGS magnitude limit of −14.9. For the 4 irregular galaxies for which they do fit a power law, they find power law indices that vary from 1.59 to 2.78. They also find that the "star formation efficiency" (i.e. ΣSFR/Σgas) is lower in dwarfs and the outer parts of spirals than in the inner, H2 dominated regions of spiral galaxies. This is similar to our finding that the SFR in dwarfs is lower than that predicted from the Kennicutt (1998) relation. They also find that the gas density in dwarfs truncates sharply at about 9M⊙/pc 2 . We show in Fig. 8 the distribution of column densities at both 400 pc and 200 pc resolutions (the data from UGC 685 was not included while calculating the distribution of column densities at 400 pc resolution, as it is unique in having some gas at column densities between ∼ 20 and ∼ 30 M⊙ pc −2 , and it wasn't imaged at 200 pc resolution). The 400 pc resolution data does indeed show a fall off in the amount of gas at column densities more than ∼ 10 M⊙/pc 2 , however at the higher resolution, one can see a tail in the distribution that extends to ∼ 30 M⊙/pc 2 . It would appear that dense HI gas occurs in small clumps whose density gets smoothed out when one observes with a coarser resolution. Begum et al. (2006) compared the morphology of the Hα emission and the HI emission (at 300 pc resolution) in a sample of 10 similarly faint dwarf galaxies. Although the Hα emission generally occurred near the central regions where the gas column density is high, no one to one relation between the HI column density and the gas column density was found. One possible explanation for this observation is stochasticity in the Hα based estimates of ΣSFR. There are two reasons why UV based estimates of ΣSFRwould be less susceptible to stochastic fluctuations than Hα based ones, viz.
(1) as mentioned above Hα emission traces essentially the instantaneous star formation rate, while UV emission traces the star formation rate over the last ∼ 10 8 years, and (2) stochasticity in the formation of high mass stars becomes more important at the low star formation rates that we probe here (Oey & Clarke 2005) . Pflamm-Altenburg & Kroupa (2008) study a similar phenomena observed in the outer portion of disk galaxies, where UV traces star formation beyond the observed Hα cut-off. They show that a local formulation of the concept of clustered star formation naturally leads to a steeper decrease in the Hα luminosity as compared to ΣSFR and hence the Hα cut-off arises naturally. In a recent theoretical study Krumholz & McKee (2008) suggest that massive stars, the likes of which are responsible for Hα emission, can only form when the gas column density is 1 g cm −2 or higher. But even if the Σgas is not so extreme, lower mass stars as traced by UV will continue to form, and hence UV based and not Hα based ΣSFR should be used to look for star formation "thresholds".
One of our principal findings is that the ΣSFR that we find are lower than those predicted from relations based on observations of the central regions of galaxies (viz. the "Kennicutt-Schmidt" relation). This suggests that the star formation efficiency is environment dependent, and proceeds differently in dwarf galaxies than in central regions of spirals. At small (i.e. 200 pc) scales offsets between the UV peaks and the HI peaks are more pronounced. Possible reasons for this could be that the gas is predominantly molecular in star forming regions, or that at such small scales the feed back from star formation complicates the relation between ΣSFR and Σgas. In this context is interesting to note that (1) the ΣSFR approaches the value predicted by the Kennicutt (1998) relation at high gas densities, and (2) for those galaxies for which a power law parametrization is possible, the power law indices at 200 pc are flatter (i.e. closer to that observed in the centers of spiral galaxies). Note that the average measured gas density is higher in the 200 pc maps than the 400 pc maps (see Fig 8, Table 4 , 5). These facts are consistent with a scenario that when star formation does occur in dense clouds, there is, initially at least, a near universal relation between ΣSFR and Σgas. Feedback and other effects may lead to a break down of this relation, depending on the exact evolutionary phase at which the observations are made. Even in such a scenario, dwarfs could have a lower average star formation efficiency both because sufficiently dense regions are rarer, and because the effects of feedback are more important. A proper test of this scenario would require higher angular resolution observations of a diverse sample of star forming galaxies. And IV Figure A1 . The pixel by pixel comparison of gas density and SFR for all galaxies at 400 pc resolution. Each pixel is represented by a point in the left panel, while the right panel shows the binned data. The bin size is 0.05 dex in gas column density. The error bars show the 1σ scatter within the bin. The dashed line shows the best fit straight line (see Section 3) in all cases in which it was possible to make a meaningful fit. The global "Kennicutt-Schmidt" law (Kennicutt 1998) is shown as a solid line above the threshold density for star formation, and as a dotted line below that. The horizontal line marks the (1σ) sensitivity level of the GALEX image. 
